Summary Survival in squamous cell carcinoma of the head and neck (HNSCC) was compared with overexpression and mutation of the p53 gene. Archival tissue from 77 tumours was analysed for protein expression using immunohistochemistry (IHC) with the monoclonal antibody Do-7, and for the presence of mutation in exons 5-8 using single-stranded conformation polymorphism (SSCP), followed (4/19) or low protein expression (4/33). Fifty-eight patients were eligible for survival analysis. There was a strong correlation between p53 mutation and cause-specific survival; median survival among mutated cases was 12.5 months compared with >160 months among non-mutated patients (P < 0.005). There was no correlation between p53 overexpression and survival. The results suggest that p53 mutation status is an important prognostic factor in HNSCC, and that IHC analysis of protein overexpression is an inadequate measure of gene mutation in these tumours.
Advances in molecular biologv have provided clues to the pathogenesis of cancer and show-n the involvement of oncogene activation and tumour-suppressor gene inactivation (Chang et al. 1995 : Greenblatt et al. 1994 ). In the investigation of the carcinogenic process in head and neck squamous cell carcinoma (HNSCC) much interest has focused on the p53 tumour-suppressor gene. its inactivation and the possible prognostic implications of p53 overexpression and mutation.
Mutation in the p53 tumour-suppressor gene is the most frequently found genetic aberration in human cancer (Harris and Hollstein. 1993) . The normal p53 protein functions as a cell cycle checkpoint and sensor of DNA damage in the cell. and modulates such important events as G1-arrest. DNA repair and apoptosis (Levine et al. 1991: Harris and Hollstein. 1993 (Lex ine et al. 1994 ).
The association betmeen head and neck cancer development and carcinogenic factors such as alcohol or tobacco use. as w-ell as exposure to other enxvironmental and occupational factors. is well documented (Landrinan and Baker. 1991) . Several reports reveal an association between p53 overexpression and p53 mutation in head and neck carcinogenesis (Field et al. 1991 (Field et al. . 1992 : Brennan et al. 1995) . Immunohistochemical studies have shown p53 overexpression to be an early event in HNSCC carcinogenesis. bein, found in dvsplastic lesions and CIS before the development of invasixe carcinoma. It is not known if this exent reflects p53 protein accumulation as a result of gene mutation. or merelv a normal p53 response to DNA damage because of the activity of a carcinogaen (Bovle et al. 1993 : Nees et al. 1993 : Pavelic et al. 1994 : Shin et al. 1994 : Wang et al. 1994 : el-Naggar et al. 1995 .
Generally an association between mutation and oxerexpression is assumed. Howxever. in HNSCC there is emerging exidence of a discrepancy between the results achieved with molecular analx sis and those usincg immunohistochemical methods (Mineta et al. 1995 : Nylander et al. 1995 .
The aim of the present inxestigation was txofold: to study the concordance betx een p53 mutation and immunohistochemical oxverexpression. and to evaluate the prognostic implications of p53 mutation/ox erexpression.
MATERIALS Patients and tumours
The files for the period Januar-1987 to IMay 1991 in the Department of Pathology. Unixersity Hospital. Lund. Sxweden.
were examined and biopsies classified as oral or orophary ngeal squamous cell carcinoma retrieved and re-examined. Seventyseven head and neck cancer specimens were thus identified (Table  1) 
Treatment
The standard therapy for SCCHN at our department has been described previously (ZaItterstrom et al. 1991 ) Briefly. the general principles were as follows: patients with TI tumours underwent primary surgery: for T2 and resectable T3 and T4 tumours. preoperative radiotherapy was gisven. with a target absorbed dose of 50 Gy. or in some cases chemotherapy was administered. followed by surgery: laryngeal TI-3 carcinomas and all non-resectable T3 and T4 tumours were gilen full-dose radiotherapy (64) (65) (66) (67) (68) (69) (70) Gy.) in some cases followed by salvage surgery. those with regional metastasis at the time of diagnosis were treated with radiotherapy followed by neck dissection. The different pattems of stainin, were scored from 1 to 3: with less than 10%7 staining nuclei scored 1. 10-70% staining nuclei 2 and more than 70%7c staining nuclei 3.
DNA extraction from the archival material We extracted DNA from paraffin blocks using the method of Lungu et al (1992) . Briefly. three 10 jm sections were taken from the paraffin block. placed in a microfuge tube with 150 ji of digestion buffer containinc 50 mM Tris (pH 8.5). 1 mMr EDTA. 0.5% Tween 20 and 200 jg ml-' Proteinase K. Sections were incubated at 65°C for 2 h. then heated to 95°C for 10 min to destroy the proteinase. The samples were then centrifuged for S min at full speed. after which the aqueous phase containing, DNA from the archival materials was removed and stored at -70'C.
PCR-SSCP
The polymerase chain reaction single-stranded conformation polymorphism (PCR-SSCP) analysis was performed using a method previously described (Orita et al. 1989) . Briefly. 80 ng of DNA was subjected to PCR amplification in a total volume of 30 jl of reaction mixture containing 10 mM Tris-HCI (pH 8. 1995. Patients were thus followed for at least 9 months or until death. Median duration of follow-up was 39.2 months (mean 45.3 months: range 3.6-90.7 months). Onlv six patients were followed less than 2 years. 
Statistical methods
Statistical analysis w-as performed with SPSS (Statistical Package for the Social Sciences) 6.1 (SPSS. Chicago. IIL. USA). The Kaplan-Meier method was used for plotting survival curnes. Logrank test was used for survival analysis. Multivariate analysis (Cox's proportional hazards model) was used to test whether the differences were confounded bv other host or tumour factors. Possible differences in the distribution of those factors between the different groups were investigated using the chi-square test.
Fisher's exact test or Student's t-test. P-values quoted were twotailed and were considered statistically significant when less than 0.05.
RESULTS
The cancer samples generally had little stromal cell contamination and only a few samples contained a minor fraction of tumour cells. In general. two-thirds or more of the slides consisted of tumour cells. Onlv 3 out of the 77 biopsy specimens studied were considered to hax e scant tumour. The first had no detectable p53 mutation and high (>70%c) nuclear staining. The second had no detectable p53 mutation. and less than 10% nuclear staining. The third had a p53 mutation and less than 10% nuclear staining. Only the second patient was eligible for survixval analysis (treated for cure. no previous malignancy).
Immunohistochemistry
Fomr-four cases (57.1%) of the 77 analysed tumours revealed immunohistochemical positivity for p53 (> 10% staining nuclei). (Table 4) . <10% (n = 28) Univariate analysis revealed both N status (P = 0.01. log rank) and p53 mutation (P = 0.001. log rank) (Figure 2 ) to be associated with survival. This was. however. not the case for immunohistochemical expression of p53 (Figure 3) 
p53 mutations
Nucleotide sequence alterations were found in 17 (22%) of the 77 analysed tumours. Ten of these were missense mutations resulting in amino acid substitutions. two were nonsense mutations resulting in protein truncation, whereas five alterations would not lead to amino acid changes (Table 3) . Thus, only 12 (16% of 77) tumours exhibited mutations that could alter the function of the protein.
Seven of these were transversion mutations (four G -e T. one C -e A. one C -* G. one G -* G). and five were transitions (two G -* A and three C -e T. none at CpG dinucleotides). In the following computations. only cases exhibiting missense or nonsense mutation were included.
PCR-SSCP vs IHC analysis
The concordance between p53 mutation, resulting in a missense or nonsense mutation, and increased p53 expression in immunohistochemistry was poor (Table 2) . If only cases with either high or low IHC expression (n = 58) are considered, IHC and PCR-SSCP analysis were discordant in 25 cases (43%). A SSCP gel, sequencing gel and immunohistochemistry staining of a tumour with concordant findings are shown in Figure 1 .
Among 33 cases with no p53 expression immunohistochemically, four cases (12.1%) demonstrated mutations and 29 cases (87.9%) did not. Four (2 1.1%) out of 19 cases scoring 2 immunohistochemically had mutations. and four cases (16.0%) out of 25 cases scoring 3 had mutations. This result did not reveal any significant correlation between p53 mutation and p53 overexpression (Table 2) .
Survival vs p53 mutation/overexpression Eight of 58 evaluable cases exhibited a p53 mutation resulting in a missense or nonsense mutation (Table 3) . Of these 58 tumours. 48% exhibited low p53 IHC (<10% staining nuclei). 26% intermediate tactor and the impact ot N status was reduced below sigmticance (Table 5 ).
DISCUSSION
p53 mutations that lead to altered protein conformation can make the protein more stable and prolong its half-life (Lane and Benchimol. 1990) . It is therefore possible to detect an accumulation of mutated p53 protein in head and neck cancer using immunohistochemistry. The frequency of p53 immunohistochemical overexpression in the present material (57% with > 10% staining nuclei) is in accordance with findings in previous studies of HNSCC (Field et al. 1991 : Ogden et al. 1992 : Watling et al. 1992 : Dowell and Hall. 1994 : Xu et al, 1994 : Nylander et al. 1995 .
As we previously reported in preliminary form (Mineta et al. 1995) . there is a pronounced discordance between p53 mutation and p53 immunohistochemical overexpression. This confinns some earlier findings in HNSCC (Xu et al. 1994; Nylander et al. 1995) and in skin cancers (Kubo et al, 1994) . but contradicts others (Ahomadegbe et al, 1995) . The difference in findings is not likely to be attributed to the antibody used as DO-7 was applied in the present as well as in two (Ahomadegbe et al. 1995 : Nylander et al. 1995 of the four other studies.
False-negative findings (mutation without overexpression) can be attributed to p53 mutations at splice sites, frame shifts or nonsense mutations, which would be predicted to encode for truncated p53 proteins not detected by iinmmmunohistochemistry. Studies of the crystal structure of the p53 tumour suppressor-DNA complex (Cho et al, 1994; Milner, 1995) Such non-mutational stabilization of the protein is most probably the result of interruption of the normal degradative pathway of p53. Other proteins such as the products of cellular oncogene mdm-2 (Monaud et al. 1992 : Meltzer. 1994 . or the products of DNA v-iruses. including SV-40 large T antigen. E lb of adenovirus (Gannon et al. 1990 : Cesarman et al. 1993 ) and E6 of HPV (Scheffner et al. 1990 : Wemess et al. 1990 (Moll et al. 1992 ).
In the present study p53 mutations were found at a frequency of 16%c (12177) . which is within the lower range of the percentage of abnormal findings reported in the literature in HNSCC (Boyle et al. 1993 : Brennan et al. 1995 : Dowell and Hall. 1994 : Greenblatt et al. 1994 : Xu et al. 1994 : Nvlander et al. 1995 . The low frequency may reflect the small sample size currentlv available. or it mav be due to inconsistent amplification of DNA from archi-al materials. or to lower mutated DNA concentration in samples.
although mutations are reported to be still detectable when constituting only 15%7c of total DNA (Wu and Darras. 1993 [review-ed in Changa et al (1995) . Dowell and Hall (1994) ]. The clinical relevance of p53 overexpression in HNSCC has been under debate. We could not find any correlation between p53 immunohistochemical overexpression and survival (Figure 3 ). There are studies indicatinc a correlation between p53 overexpression and survival. some reporting better survival in patients wvith overexpression (Sauter et al. 1992) . Overexpression has also been reported to show strong association with a histoloaical malignancy grading scale with prognostic capability (Watling et al. 1992) . However. the lack of correlation betmeen p53 expression and clinicopathological parameters or survival as originally reported by Field et al (1991) has subsequently been substantiated by many reports [reviewed in Field et al (1993) ].
Studies on the relation betmeen p53 mutation in HNSCC and clinicopathological parameters or survival are sparse. Koch et al (1996) found an association with recurrence but not survival. The present finding of p53 mutation as a strong and independent prognostic variable contrasts with the results of Ahomadeabe et al (1995) . who did not find any correlation between mutation and clinical staae or 5-year survival. However. they studied fresh tissue from both metastases (n = 50) and primary tumours (n = 28). 13 of which were matched specimens. They also found a good correlation between mutation and overexpression. Nvlander et al (1995) in a studv of 80 HNSCCs of the oral cavity using archival specimens could not find any relation between p53 mutation and survival. Their material. however. deviated from the general characteristics of HNSCC. w-ith a male to female ratio of 0.86:1 and a high frequency of a novel non-random 14-bp deletion in exon 8 (Nylander et al. 1996) . differences that might explain the discordant findings w-ith respect to survival.
In conclusion. we verified previous findings of a lack of concordance between immunohistochemical overexpression of nuclear p53 and mutation of the p53 gene. as well as the absence of prognostic information with respect to survival in p53 overexpression. On the other hand. p53 mutation seems to be a strong and independent variable for survival prognosis.
